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Executive Summary

Continuous improvement of maintenance processes is most effective when pro-
cess changes are driven by product quality goals, and when they rely on the 
accumulated experience from past software development and maintenance 
projects. In this paper, we present a systematic approach to the goal-driven 
planning of maintenance projects. The approach is based on well-known gen-
eral process improvement infrastructures and is currently experimented in indus-
trial case studies. The core elements of this approach are so-called product/pro-
cess dependency experience packages (PPD-EPs). We describe how PPD-EPs can 
be built and how they are applied in the context of software maintenance 
projects. This is done by using a scenario case.
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1 Introduction

In maintenance projects there is a continuous pressure for keeping high quality 
of the software product while controlling maintenance cost. A stable and well 
managed software process is the key to achieving these cost and quality goals. 
On the other hand, flexibility of the maintenance process is needed in order to 
keep track with technological and organisational changes. Furthermore, contin-
uous improvement is needed for managing the dynamics of software engineer-
ing.

We argue that continuous improvement is most effective when process changes 
are driven by product quality goals (cf. [1],[2]), and when they rely on the accu-
mulated experience from past software development and maintenance projects. 
First, changes should be made according to best known practice from past 
projects. Second, if no appropriate experience exists for a needed process 
change, then available knowledge about product/process dependencies should 
be exploited for reducing risk and for controlling the change to the best extent 
possible.

Planning and preparation of maintenance process changes is most critical for 
the success of an improvement initiative. Therefore, we present a systematic 
approach to the goal-driven planning of maintenance projects. It is comple-
mented by descriptions of the necessary preparation and follow-up activities. 
Sections 2 and 3 introduce relevant concepts of continuous process improve-
ment and product/process dependencies. The project planning method 
described in Section 4 is based on our experiences from more than half a dozen 
long-term improvement programmes. It is introduced using a scenario case. 
Summary and outlook on future work are provided in Section 5.
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2 Continuous Process Improvement

There have been described multiple methods for guiding continuous improve-
ment. The perhaps most prominent ones are: Plan/Do/Check/Act (PDCA) [3], 
Quality/Improvement Paradigm (QIP) [4], and IDEAL (Initiating, Diagnosing, 
Establishing, Acting, Leveraging) [5]. Either of them is effective and has proven 
its appropriateness. Throughout this paper we relate our work to the QIP 
because it explicitly addresses improvement planning, and because it can most 
easily be integrated with multiple supporting methods and techniques such as 
software engineering measurement [6], descriptive process modelling [7], 
organisational learning [4], and process assessment [8].

The task of software maintenance is represented by the sequence of mainte-
nance projects that are conducted for the different products of a software 
organisation. All these maintenance projects are carried out according to an 
underlying (explicit or implicit) maintenance process. The success of a continu-
ous maintenance process improvement programme becomes manifest in the 
success of each of its individual software maintenance projects. An individual 
maintenance project is successful if the planned product quality goals can be 
achieved within budget and time (cf. Figure 1).

Figure 1:Guidance 
of maintenance 
projects with PPD 
models

The planning of a maintenance project consists of three main steps: (1) Charac-
terisation of the maintenance project, (2) goal-setting for process control, empir-
ical analysis, or demonstration of improvement success, and (3) construction of 
the actual process model for the forthcoming project. These steps are mutually 
interrelated and usually performed concurrently. They provide the basis for sys-
tematic and well-controlled execution of the overall improvement programme 
as well as for later analysis and learning. The planning steps are driven by prod-
uct quality related improvement goals. They should make use of available 
knowledge and experience to the maximum extent possible.
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Characterisation involves (a) identification of overall project goals, (b) derive an 
appropriate characterisation scheme for the forthcoming maintenance project, 
(c) characterisation of the project, and (d) retrieval of possibly reusable experi-
ence and artifacts. Thorough characterisation is crucial for the focused planning 
of a forthcoming maintenance project. In Section 4, it is described how charac-
terisation can be conducted in a goal-driven manner, and how it is guided by 
experience packages of product/process dependencies.

The goal-setting step aims at identification of empirical indicators for process 
performance and product quality achievement. It assures that software engi-
neering measurement is well-integrated into the maintenance project. The pro-
cess modelling step integrates all practices, models, and artifacts into a tailored 
project plan. The project plan is the basis for systematic project execution and 
focused analysis of the project and its results.
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3 Experience about Product/Process Dependencies

Experience and knowledge about the impact of maintenance processes on the 
quality of the software product is essential for the continuous improvement of 
maintenance processes. The process impact on software quality varies across dif-
ferent context situations. Example variation factors (context factors) are the kind 
of modifications made to the product, the amount of modifications, and the 
current reliability of the software. Product/process dependencies (PPDs) and con-
text impact are to a large extend specific to each software organisation. 

In order to be reusable, PPDs need to be modelled explicitly (PPD models: 
PPDMs), packaged with the relevant context information (PPD experience pack-
ages: PPD-EPs), and stored in an experience base. Thus, PPD experiences can 
continuously be accumulated and reused for guiding product-driven improve-
ment of maintenance processes.

Figure 2 shows an example PPD about the impact that software inspections (a 
software engineering practice) have on cost (a product quality of the resulting 
software) when used for code verification during the implementation and test-
ing phase (a software engineering process according to ISO 15504 [8]). The 
dashed arrows indicate impacts that justify the dependency. 

Figure 2:An exam-
ple product/process 
dependency (PPD)

In order to model such a PPD there are needed several kinds of explicit and 
unambiguous definitions and a clear semantics of the dependency relationship. 
Definitions are needed for the practice, the process, and the product quality. 
There exist multiple appropriate formalisms in software engineering that serve 
this purpose for the three kinds of artifacts (e.g., [9] for the practice definition). 
An appropriate semantics for PPDs is: The practice when applied for the process 
contributes significantly for the achievement of the product quality. This seman-
tics is suitable for PPDMs that can effectively by gained and validated. It also is 
operational for guiding improvement actions. More sophisticated PPDs with 
quantified relationships (e.g., 50 percent improvement) are not operational. 
Under varying context situations, they can hardly be validated empirically within 
reasonable time and budget.

verification effort

effectiveness of defect detection / amount of rework

software
inspections

maintenance
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A PPD experience package consists of a PPDM and its context definition. The 
context definition can be modelled in terms of context factors and their charac-
teristics. Context factors again need an unambiguous definition with clear 
underlying semantics. An appropriate modeling scheme has been described in 
[10]. A detailed description would exceed the scope of this paper. 

Table 1 shows the top-level view of a PPD-EP. Its upper part specifies the 
addressed PPDM. Its lower part contains the top-level view of the context defini-
tion. Relevant context characteristics are set in bold face. The PPD-EP expresses, 
that for yielding low cost (being defined in the underlying quality model as total 
maintenance effort) software inspections should be applied for code verification 
(i.e., during implementation and testing) if the following context characteristics 
are given: To be added functionality affects the data model, the modification 
scope does not matter, and module reliability is stable or critical. For other com-
binations of context factors, different practices are recommended by other PPD-
EPs. For instance, if module reliability is very stable, walkthroughs might be more 
cost-effective without harming other qualities such as reliability.

Table 1:Top-level 
view of an example 
PPD-EP. (Note: Each 
element has well-
defined underlying 
semantics; cf. [10])

The structure of PPD experience bases should be indexed according to taxono-
mies of product qualities, software engineering processes, and software engi-
neering practices. This allows for straight-forward retrieval of experience and 
facilitates extensions of the repository. We recommend to use the ISO 9126 
product qualities [11] plus cost and time to market, the ISO 15504 process tax-
onomy [8] or BOOTSTRAP process taxonomy [12], and standard practices such 
as IEEE 1028-1988 for software inspections and walkthroughs [13]. Figure 3 
depicts the lifecycle of PPD-EPs: (1) Building, (2) usage, and (3) evaluation of 
PPD-EPs. These activities are described in Section 4.

PPD-EP 1.6.3 

Product Quality cost

Process ENG.6: implementation and testing

Practice software inspections

Context Definition

CF.1 added functionality user interface, communication, data model

CF.2 amount of modifications 1 module, 2-3 modules, >3 modules

CF.3 module reliability very stable, stable, critical
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Figure 3:The PPD-EP 
lifecycle
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4 Goal-Driven Maintenance Process Planning

This section describes how software processes for forthcoming maintenance 
projects can be designed such that they meet increased product-quality require-
ments. The core methodological element is an organised approach to the identi-
fication of process improvements based on product quality goals and experience 
about product-process dependencies. It is integrated into a method for planning 
of maintenance projects which is structured according to the QIP.

First, a scenario case is presented from which the method for identification of 
improvement actions is derived. Additional subsections address how PPD-EPs 
can be built and evaluated in the context of the method for planning of mainte-
nance processes

4.1 A Scenario of Goal-Driven Planning of Maintenance Processes

This section illustrates the goal-driven planning of maintenance processes using 
an example scenario. The scenario has been designed based on experience from 
industrial improvement programmes. Starting point is the identification of the 
product quality goal to be addressed. It is assumed that an experience base 
exists which contains the relevant PPD-EPs that allow for goal-driven identifica-
tion of improvement actions.

The first step of process planning is characterisation, starting with identification 
of the product quality goal. In our example case the goal is: Aim at lowest cost 
(in terms of total project effort) without losing reliability and other product qual-
ities. This informal goal is in accordance with the formalised product quality goal 
index cost of the PPD experience base (see Section 3). It allows to retrieve all 
those PPD-EPs whose associated software engineering practice contribute to 
yielding the product quality.

Among these PPD-EPs those must be identified that sufficiently well match the 
actual context situation of the forthcoming maintenance project. Therefore a 
characterisation scheme is needed. It can be derived from the already retrieved 
PPD-EPs: The quality factors of these PPD-EPs need to be combined and trans-
formed into a characterisation questionnaire. Then, the project planner can 
describe the context situation of the forthcoming maintenance project such that 
the suitable software engineering practices can be selected. 

In the example case, the relevant context factors for the characterisation are: 
(CF.1) Added functionality, (CF.2) amount of modifications, and (CF.3) module 
reliability. The respective context characteristics are shown in Table 2.
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Table 2:Example 
characterisation of a 
forthcoming mainte-
nance project

Based on the project characterisation, those PPD-EPs and associated practices 
can be retrieved from the experience base that meet the product quality goal 
(cost) and at the same time match best the context characteristics of the forth-
coming project. Table 3 depicts contents of an example experience base. A sim-
ple retrieval with full matching would result in the following process recommen-
dations for the forthcoming project (cf. Table 2): Design inspections, code 
walkthroughs, and comprehensive module testing. According to past experi-
ence that is described in the experience base contents, more thorough verifica-
tion is regarded not to add higher reliability while causing additional cost 
(effort). Less effort consuming verification is expected to effect in non-satisfac-
tory product reliability. 

Table 3:Example rec-
ommended verifica-
tion practices for 
selected context 
characteristics

The retrieved recommended practices need now to be integrated with and tai-
lored to the existing software maintenance process in order to tune it for meet-
ing the product quality goal. 

In case that the PPD experience based does not contain appropriate PPD-EPs, 
the course of the scenario would have been different: After the identification of 
the product quality goal, the needed PPD-EPs would have to be built prior to the 
context characterisation and selection of verification practices. This proceeding 

Context Factor Context Characteristic

added functionality data model

amount of modifications 1 module

module reliability very stable

context factors and characteristics of selected PPD-
EPs in the experience base

recommended software 
engineering practice and process

added 
functionality

amount of 
modifications

module 
reliability

user interface any any reduced module testing / 
software implementation and 
testing

data model any any software inspections / software 
detailed design 

data model 1 module very stable walkthroughs / software 
implementation and testing

data model any any comprehensive module testing / 
software implementation and 
testing
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realises the principle that the design of software processes is to be based on a 
sufficient understanding of the relevant product/process dependencies.

4.2 Identification of Improvement Actions Based on Goals and Experience

Improvement actions for a forthcoming maintenance project should be selected 
based on the desired product quality goal and available experience about prod-
uct/process dependencies. Identification of improvement actions should be inte-
grated into a structured approach to planning of maintenance processes. In the 
following, such a process planning method is presented. It is based on the QIP. 

Input of the method is an experience base with relevant PPD-EPs. Result is a rec-
ommended process model for the forthcoming maintenance projects. The case 
that an appropriate experience base not yet exists is addressed below. The steps 
of the process planning method are as follows:

1 Characterise improvement programme

1.a Identify overall improvement goal

The overall improvement goal needs to be defined in accordance to the 
semantics underlying the PPD-EPs in the experience base (see Section 3). 
For formulation of goals, we recommend to rely on a well defined taxon-
omy (e.g., ISO 9126 quality dimensions plus the goals cost and time to 
market). Each goal needs to be defined explicitly in measurable terms.

1.b Derive characterisation scheme

Based on the identified goal, all PPD-EPs should be retrieved from the 
experience base that address that goal. A characterisation scheme for the 
actual situation can be derived by combining all context factors of the pre-
viously retrieved PPD-EPs.

1.c Characterise actual situation using the derived characterisation scheme

Given the derived characterisation scheme, characterisation of the actual 
situation is a straight forward task. It only needs to be assured that the 
context factors in the characterisation scheme are defined in an unambig-
uous manner. This must be provided already by the representation struc-
ture of the experience base. A recommended representation structure has 
been suggested in [10].

1.d Select improvement actions
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Given a characterisation of the actual situation, similarity-based retrieval 
of those PPD-EPs and associated practices can be conducted. Basis for the 
retrieval are the context definitions of the PPD-EPs.

Selection of improvement actions is essentially a human task. But an orga-
nised decision process and explicitly available experience ensure well-
informed decision making. Thus, risk can be reduced, past experience can 
be exploited, and decisions can be justified well.

Depending on the applied retrieval and decision support methods, it can 
be allowed to have incomplete, vague, or alternative characterisations of 
the actual situation. Possible techniques are case-based retrieval [14] and 
multiple-criteria decision making [15].

2 Set goals for empirical analysis of the maintenance processes

Empirical analysis of maintenance processes is recommended in order to 
control of the (changed) maintenance processes, evaluate the changes 
and the underlying PPD-EPs, and demonstrate achievement of the overall 
improvement success. An appropriate means for empirical analysis of 
maintenance processes is software engineering measurement following 
the Goal/Question/Metric (GQM) approach [6]. The context definition of 
the PPD-EPs selected during the characterisation step can be utilised effi-
ciently for identification of appropriate measures (see section 4.4).

3 Construct improvement plan and recommended process model for the 
maintenance projects

The improvement plan defines which improvement actions are to be con-
ducted in which maintenance projects. It needs to be integrated with the 
measurement procedures that are designed in the previous step (i.e., goal-
setting). Improvement actions should best be defined in terms of a pre-
scriptive process model for the forthcoming projects.

The prescriptive process model integrates the selected software engineer-
ing practices with the current standard development process. Possibly, 
adaptions and tailoring of the new practices are necessary in order to fit 
with the final integrated process. 

The improved maintenance process model that results from these planning 
steps is the basis for execution of the technical activities in the forthcoming 
projects. These projects and the achieved product qualities should be analysed 
empirically in order to (a) identify whether the quality goal has actually been 
achieved and (b) in order to learn more about the respective product/process 
dependencies (i.e., becoming able to evaluate, and refine them). The following 
subsections address how PPD-EPs can be built for later reuse (Section 4.3) and 
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which techniques are available for learning from maintenance projects about 
needed updates and refinements of PPD-EPs.

4.3 Building Experience on Product/Process Dependencies

This section describes the general approaches how to build product-process 
dependency models (cf. Figure 3). The PPDM building steps can be assigned to 
one of the following two phases (cf. Figure 4):

1 Phase: Construction of product-process dependency models and

2 Phase: Validation of product-process dependency models.

Figure 4 summarises all methods and techniques used for product-process 
dependency model building in the two phases.

Figure 4:Methods 
and techniques used 
for PPDM building

These two phases are described in more detail in the following two subsections.

4.3.1 Construction

Three different approaches for constructing product-process dependencies are:

• Interview and Survey Techniques: PPDMs are not yet used as an explicit arte-
fact in software engineering. However, the knowledge that is to be con-
tained in PPDMs is implicitly available in the minds of experienced software 
professionals. It is widely used but not yet described explicitly nor used sys-
tematically. For this reason, interview and survey techniques are a very appro-
priate means to gain PPDM hypotheses. The necessary information is being 
derived via questionnaires that ask for practices with assumed relevant 
impact on product quality characteristics when applied within a certain 
BOOTSTRAP lifecycle process. 

• Data Mining Techniques: The two “high-level” primary goals of data mining 
in practice tend to be prediction and description. Prediction involves using 
some variables or fields in a database to predict unknown or future values of 
other variables of interest. Description focuses on finding human-interpret-
able patterns describing the data. There exist a wide variety of data mining 
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methods (e.g., [16]) which can be used to construct hypothetical PPDMs. 
Some of the most popular data mining techniques are Optimised Set Reduc-
tion (OSR), Classification Trees, and the Rough-Set approach.

• Product and Process Assessment Techniques: The GQM approach [6] has 
been used as the primary technique to assess the product in most of our 
industrial case studies. The process assessment method used within the 
projects was the BOOTSTRAP approach [12]. The BOOTSTRAP approach has 
already been described in section 3.

4.3.2 Validation

The PPDMs which have been constructed in the first phase of the PPDM building 
step, need to be validated in the second phase. The two principal validation 
strategies are: (1) Empirical analysis (e.g., through case studies) and (2) reviews 
(e.g., inspections by experienced software professionals). Reviews can be com-
bined with simulation and testing. Empirical analysis can be prepared and 
guided by using a measurement analysis framework (e.g., according to the 
GQM approach). More details are presented in the next section in the context of 
PPDM evaluation.

4.4 Evaluation of Product/Process Dependencies

The objective of PPDM evaluation is to support, reject, or modify the initial PPD-
EP based on empirical data and observations from a software project in which 
the PPDM has been applied. The first approach is experimental design and the 
second one uses a GQM analysis framework:

• Experimental design: The PPDMs are empirically valid, if the desired product 
quality has been achieved in a software project, and if it can be shown that 
the product quality achievement was due to the application of the methods, 
techniques and tools that have been applied in order to fulfil the purpose of 
the software process in the respective context. Empirical analysis of detailed 
PPDMs requires three sets of empirical data: Baseline data, expected observa-
tion data, and actual observation data . Each data set characterises the four 
concepts product quality, practice, process, and context of a software 
project. The PPDM is accepted as valid, if the observed characteristics of prac-
tice, process, and context meet the expectation, and if the expected product 
quality is met or exceeded. 

• GQM analysis framework: The GQM approach can be used for both PPDM 
building and PPDM evaluation. GQM abstraction sheets [17],[18] are used to 
represent the GQM plans. The abstraction sheet structure is used to:
– capture the values of quality focus attributes (describing the product 

quality),
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– capture the values of the variation factors (describing the processes or 
practices) which are supposed to have an impact on the quality focus after 
a change in the process (or practice) dimension has been made, and

– capture the impact hypotheses (e.g., if variation factor x is lower than dur-
ing baselining, then product quality indicator y is expected to be higher 
now).

These impact hypotheses are used to describe the supposed product-process 
dependencies and have to be evaluated. The evaluation can be done with an 
analysis on the data collected during the GQM-based measurement.
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5 Summary and Future Work

Our work grew out of the need to define a method for product-driven process 
improvement for different industrial software organisations. Our approach in 
satisfying this need has been to complement existing approaches for guiding 
continuous process improvement with a method for building, using and evaluat-
ing product/process dependency models. This method was defined in the scope 
of a European research project with several industrial partner organisations 
where application experiments could be conducted.

Although the presented method is currently applied to the development of new 
products, maintenance environments are especially well suited for the imple-
mentation as well as illustration of continuous learning and process improve-
ment with PPD models. This is mainly due to the importance that maintenance 
projects have in software industry. The high frequence of maintenance projects 
in large software organisations allows for building, using and evaluating suffi-
ciently many PPD-EPs such that a critical mass can be aggregated making the 
PPD-EB a beneficious investment for a software organisation in the long run. In 
that sense, software maintenance is a promising application domain for contin-
uous process improvement which is guided by product/process dependency 
models.

Our future work will concentrate on further evaluation of the suggested 
approach and on providing operational support, e.g. by constructing PPD-EB 
implementations that are reusable by other companies.
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